INTRODUCTION
Research and exploration using non-intrusive geological investigation techniques provide efficient, cost effective and non-destructive means of understanding near surface features. Techniques such as induced polarisation and direct current resistivity allow for detailed mapping of both horizontal and vertical features at variable depths and resolutions, prioritising potential targets for further investigation by explorers. In respect to the hydrothermal Au -Cu mineralisation at Majors Creek, using DC resistivity to distinguish between the varied horizontal features and defining vertical structures is difficult. An analysis of alteration facies and pore space characteristics such as volume and connectivity need to be undertaken in order to properly define the relation between the changing nature of pore space and its effect upon the apparent electrical resistivity signature.
In order to investigate the structural relationship, a 500 m DC electrical resistivity survey was used measure bulk resistivity. Res2Dinv was used to convert measured resistivity into apparent resistivity, defining horizontal features such as the weathered-fresh rock contact. The study was conducted over a maximum depth of 60m appropriately accommodating any vertical variation of the estimated 17m depth of the weathered/fresh rock boundary.
DREX84 drill core samples and lithological log was used to define the depths and sequence of alteration facies in the local area. Computed Tomography (CT) scanning of drill core samples stripped from DREX84 combined with ImageJ (Rasband, 2005) will assist in defining pore space characteristics. Further image analysis techniques such as BoneJ (Doube et al, 2010) , was used to further define the pore space characteristics such as volume, shape and connectivity. An analytical comparison of apparent resistivity, pore space characteristics and drill core logs and samples developed an understanding of the relationship between the changing nature of pore space, its apparent resistivity signature and the weathered-fresh rock boundary. This project is undertaken as a special course EMSC3050 at the Australian National University in Canberra as a part of a science degree.
METHOD AND RESULTS
DC resistivity geophysics, CT scanning and associated 3D modelling, and observation and description of core samples were used to characterise the nature of the changing pore space at the fresh/weathered rock interface in the study area. Unity Mining provided 25 metres of drill core and a lithological log of DREX84, as well as ground water conductance and water level data for holes within 200m (Figure 1 ). Groundwater data led to the constraint of CT scanning to the upper 26 metres of drill core.
SUMMARY
Hydrothermal Au -Cu mineralisation at Majors Creek, NSW has led to the formation of disseminated sulphides throughout the host granodiorite body. Mineralisation in overburden and shallow bedrock occurs in sparse concentration settings such as quartz veins and potassic alteration. Distinguishing between alterations zones, mineralising features and the fresh-weathered rock boundary is paramount to explorers.
A combination of DC electrical resistivity and CT scanning was employed to delineate the weathered/fresh rock boundary, potential mineralising features and areas of differing alterations. A 500 metre survey line was constructed over a known area of mineralisation and passed directly over a drill core sample. CT scanning data will define pore space characteristics of alteration and weathering states of the host granodiorite.
This study has the potential to spark future researching into shallow surface exploration throughout the Major's Creek area, building on a potential relationship between, pore space, apparent resistivity and overburden-bedrock characteristics.
Key words: Mineralisation, resistivity, CT scanning. Figure 1 . Groundwater data from DREX222 used due to its proximity to DREX084; the drill core sample used DC resistivity-based ground geophysics survey was used to measure the apparent resistivity of the top 60m of ground along a 500m survey line. A resistivity cable of 400m set up and was rolled along the survey line to cover the 500m survey. Using the Wenner technique a median depth of 0.519 "a" was achieved. In order to get the required depth of 60m while maintaining high resolution for shallower depths, a min = 5m and a max =120m was used. The Wenner technique is known for its sensitivity to vertical changes, and relative lack of for horizontal changes (Loke, 2001) . This is ideal for mapping the electrical resistivity signature of the weathered fresh rock boundary as this is expected to significantly change as a function of depth.
Res2Dinv's least squares solution was used to convert the raw data into apparent resistivity. To minimise RMS error the inversion was repeated until RMS error has stabilised and converged to an RMS value. For this study, convergence occurred after 5 iterations, with all data points being included. A variety of alteration facies were observed in DREX84 and listed in Table 1 . Five CT samples were used to measure, compare and contrast density difference between saprock, weathered rock and alteration facies. The facies that dominate the core are light green facies (slight weathering), Light green facies (intermediately weathered) propylitic alteration (highly weathered), propylitic alteration (intermediately weathered) and felsic lode, and these would be the targeted facies for CT scanning. The weathered/fresh rock boundary of the in-situ granitic bedrock was assessed to reside at roughly 17m. Evaluating both the detailed log for signs of weathered rock and physically analysing the drill core samples provided a comprehensive understanding of the weathered/fresh rock boundary depth. The assessment of the weathering front was further confirmed by groundwater data and pore space characteristics (such as volume and connectivity) of the granitic facies of the first 26 metres of the core. Analysis of the drill core and logs provided the basis for selecting CT scanning samples, with dominate and estimated influential facies being selected.
Drill core samples were placed under a CT scan to define density properties and subsequently calculate pore space characteristics. CT scanning of drill core samples closely followed the voxel size selection of the paper X-ray CT imaging of pores and fractures in the kakkonda, granite, NE Japan by T. Ohtani et al, 2000 . Voxel size determines the resolution of cracks and pore space characteristics that can be investigated. It was agreed that a voxel size of 0.313 x 0.313 x 1 mm would be used as it was estimated that such a size would uncover a majority of microscopic pore space characteristics.
After obtaining density data, a binary/multithreshold algorithm was used to accurately differentiate between pore space and rock; developed by Elliot and Heck (2007) and modified by Munkholm and Heck (2012) , Huang and Wang (1995) . The algorithm attempts to properly define the density difference between air space and rock density. Many elements such as air, fluid and rock may be present within a single voxel and can change the value of a voxel. The CT scan applies an average density to the voxel, making the boundary between rock and pore space unclear. The threshold algorithms reduce the ambiguity of the boundary between pore space and rock making it easier to accurately characterise pore space.
ImageJ (Rasband 2005) , image filtering techniques and analysis were used to calculate the characteristics of the connected pore space (Munkholm and Heck, 2012 study conducted by Munkholm and Heck (2012) used a 3D object counter plugin (Bolte and Coredeleres, 2006) and BoneJ (Doube et all, 2010) to define the characteristics of pore space and connectivity. This technique provided accurate and definitive characteristics for pore space within friable soils, and therefore has been applied in a similar fashion to this study.
The 5 characterised pore space values were applied to their relevant facies throughout the drill core log. Due to the technical constraints of CT scanning, only five samples could be analysed, selected from the top 26 metre portion of drill core. The top 26 metres of drill core was sampled, as the DC resistivity survey limited to 60 metre depth, and groundwater was estimated and subsequently confirmed to be present at a depth of 17m. Physical drill cores, drill core logs and apparent resistivity profiles were compared on the same scale. Error! Reference source not found. highlights the initial relationship between the apparent resistivity profile and alteration and weathered facies. Error! Reference source not found. was created by superimposing the alteration facies onto the apparent resistivity model created in Res2Dinv. The border between the green and blue resistivity bands in Error! Reference source not found. corresponds to a large resistivity increase, on the order of 200 Ω•m. This significant increase of resistivity at this depth also correlates to a visual decrease in weathering (Error! Reference source not found.) but more importantly to the groundwater depth of nearby monitoring bores
Although this initial representation reveals the weathering fresh rock boundary, it doesn't clearly define any other anomaly such as a dyke, nor does it reveal alteration facies that might be present. The only relationship present between the drill core samples, logs and apparent resistivity is the intensity of weathering present at depth. From this initial view it is speculated that the high resistivity body in the bottom left hand corner could be fresh bedrock that hasn't been highly alerted by weathering. However, further research would have to be conducted to confirm the resistivity findings.
CONCLUSIONS
An initial comparison of drill core samples and logs produced a clear correlation to the apparent resistivity signature. The simple comparison has arguably defined the weathered-fresh rock boundary, but was unable to define further features. Similarly, a pore space comparison further confirms the existence of the weathered -fresh rock boundary at 17m. The comparison of characterised pore space and apparent resistivity further extends the trends developed by the drill core samples and logs. They provide clear relationship between changing apparent resistivity and increasing pore space connectivity.
CT scanning of drill cores provides a variety of uncertainties that can ultimately misrepresent the relationship between pore space and the electrical resistivity signature of the weatheredfresh rock interface. Schild (2001) notes that stress relaxation can create artificial pore spaces amongst core samples. CT scanned cores will have undergone two sets of induced strain and stress relaxation. Firstly from the drill that harvested the core from site, and secondly from the removal of the CT scanning sample from the core. Furthermore, a small degree of uncertainty arises from the inability of the methods to accurately define the borders between pore space and rock. The misrepresentation of the border between these two elements could lead to ill-analysis of pore space characteristics.
Regardless, the relationship between the changing nature of pore space, its apparent resistivity signature and the weathered-fresh rock boundary highlights weathering patterns through the monzogranidiorite. It provides the ability to map the fresh/weathered rock boundary over a large area, helping to determine potential future drilling sites.
Further research will be necessary to develop the relationship between pore space, electrical resistivity and the weathered fresh rock boundary. An ideal avenue of research would be to assess whether DC resistivity or induced polarisation could detect smaller faults and mineralising features throughout the
